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Description 

Machine for Machining Workpieces, 
Especially Crankshafts and Camshafts, 
with at Least One Internal Cutter Milling 

Tool 

Background of Invention 

[0001] The invention relates to a machine for machining work- 
pieces, especially crankshafts and camshafts, comprising 
at least one milling tool with internal cutter and two par- 
allel guide systems. 

[0002] The machining of crankshafts poses great requirements 
on the processing machines, on the tools, and cutting 
materials as well as the processing method. The 
crankshafts, because of their length and their complicated 
shape, are very instable. However, different surfaces of 
the crankshaft must be machined with high precision. The 
machining forces that occur during milling deform the 
workpiece, and this causes dimensional inaccuracy. 


[0003] The machining of crankshafts is carried out, for example, 
on milling machines with internal cutter. The circular- 
cylindrical mains located on the workpiece axis are ma- 
chined and, if needed, also the adjoining web surfaces, as 
well as the circular-cylindrical pins that are eccentric to 
the axis of the workpiece. U.S. 4,171,654 discloses a 
milling machine with internal cutter where a crankshaft is 
clamped at both ends in a headstock with a stationary 
chuck, respectively. The circular-cylindrical shape of the 
pins and mains is achieved by a circular orbital movement 
of the internal cutter; this is achieved by an axis interpo- 
lation of a horizontal axis and a vertical axis of the milling 
head. The milling unit is not movable in the direction of 
the workpiece axis. For machining the individual bearing 
locations, the headstocks are moved along guide paths to 
the desired position. A simultaneous machining of several 
bearing locations is not possible in this type of machine 
because only one milling unit is present. The machine 
configuration with milling heads that are stationary in the 
Z direction does not enable the simultaneous machining 
of two bearing locations because such a machining would 
require a change of the axial spacing of the milling heads. 

[0004] u.S. 4,305,689 discloses a milling machine with internal 


cutter that is provided with headstocks having chucks, 
wherein the headstocks are movable along a guide system 
in the direction of the workpiece axis. The ends of the 
crankshafts are clamped in the chucks. They are rotatable 
about a numerically controlled chuck axis. The milling 
head that accommodates the internal cutter is provided 
between the headstocks and is movable along the same 
guide path on which the headstocks are guided in the di- 
rection of the workpiece axis. The internal cutter is addi- 
tionally movable in the milling head along a vertically po- 
sitioned axis. Generating a circular-cylindrical shape of 
the mains and pins is realized by a rotatory movement of 
the workpiece (axis C) and simultaneous movement of the 
internal cutter along its vertical axis by axis interpolation. 
Because of the minimal mounting space between the 
headstocks, the base of the guide of the milling unit must 
be kept short in the guiding direction. Its twisting and tilt- 
ing stiffness is thus significantly reduced; this has a nega- 
tive effect on the machining precision, the cutting output, 
the tool service live, and the surface quality. Also, the 
salient length of the headstocks as a result of the limited 
mounting space is very large; this causes an additional re- 
duction in the stiffness. In such machine configurations, 


mounting of the guide path covers is also difficult. They 
would have to be provided between the two milling units 
and the headstocks. Depending on the axial movement 
position, the spacing between these components in an 
extreme situation are only a few millimeters so that a 
guiding path cover cannot be provided as a result of the 
machine configuration. This situation is even more unfa- 
vorable when a steady rest that is to be guided also on a 
guide path is used also. In particular in the case of mass 
production of crankshafts, a guide path cover is however 
extremely important. The absence of this component re- 
sults in machine disruptions and thus in expensive down- 
times of the machine. Moreover, when a guide path cover 
is not provided, the cuttings that fall down cause a heat- 
ing of the guide paths and, as a result of this, dimensional 
inaccuracy. Such machine configurations are therefore not 
suitable for precision machining. When the guide path 
cover is not provided, roller bearing supported linear 
guides cannot be used because they are very sensitive 
with regard to dirt particles or cuttings. When particles 
reach the guide shoes, this causes within a very short pe- 
riod of time great wear up to complete destruction. 
[0005] us 5,707,187 discloses an internal cutter milling machine 


where a crankshaft is clamped with both ends in the 
headstocks with stationary chucks. In addition, a support 
of the crankshaft by means of a steady rest is provided. 
Generating the circular cylindrical shape of the pins and 
mains is realized by an orbital movement of the milling 
head. This movement of the milling head is generated by 
coupling the milling unit that is supported so as to be ro- 
tatable about two pivot points to two linear actuators that 
act in different directions. The required axis interpolation 
is subject to a complicated movement law. The configura- 
tion-based large projection of the internal cutter milling 
machine as well as the support by means of two pivot 
points requires a solid, heavy construction for obtaining a 
satisfactory mass stiffness. For obtaining satisfactory ma- 
chine dynamics, large linear actuators are required which, 
in turn, causes a large machine footprint. The two pivot 
points reduce the stiffness of the milling head so that 
precision machining is not possible. For the orbital move- 
ment of the milling tools, sufficient space is required in 
the direction toward the guide system so that the height 
of centers of the headstock is relatively large. In this way, 
the stiffness of the headstocks is reduced enormously for 
machines of such a configuration. Moreover, the attach- 


ment of the guide path covers is possible in this machine 
only at great expenditure because of the orbital move- 
ment of the milling heads and of the pivot points of the 

milling head suspension. 
Summary of Invention 

[0006] it is an object of the invention to configure the machine of 
the aforementioned kind such that the workpieces can be 
machined at high machining precision in a simple and 
proper way even though the machine has a compact con- 
figuration. 

[0007] This object is solved according to the invention for the 
machines of the aforementioned kind in that the milling 
tool is secured on a slide part of a compound slide that is 
movable in a longitudinal direction of the guide system 
and wherein the slide part is movable transversely to the 
guide system. 

[0008] | n the machine according to the invention, the tool is se- 
cured on the slide part of the compound slide. It is moved 
along the correlated guide system while the slide part with 
the tool is movable transversely to this guide system. Ad- 
vantageously, the machine according to the invention has 
two headstocks and optionally steady rests. For the tool 
side as well as the workpiece side of the machine, the two 


parallel guide systems are provided that extend in the Z 
direction. One of the guide systems is provided for the 
compound slide having the slide part while the other 
guide system is correlated with the headstocks as well as, 
optionally, the steady rest. The tool can be moved by 
means of the slide part transversely to the workpiece axis. 
The workpieces to be machined, especially, crankshafts 
and camshafts, are clamped within the chucks so as to be 
rotationally movable (axis C). Producing the circular- 
cylindrical bearing locations is realized by axis interpola- 
tion between the slide part and the C axis. By means of 
the separate guide systems for the compound slide and 
the headstocks/steady rests, respectively, the guide base 
of each individual component assembly can be sized to be 
sufficiently large so that a high twisting and bending stiff- 
ness results. Because of the separate guide systems, the 
headstocks in the machine according to the invention can 
be configured with minimal chuck projection so that the 
workpiece can be clamped with very high stiffness. This 
configuration of the compound slide and of the head- 
stocks/steady rests results in very high machining preci- 
sion. Moreover, the vibration and chatter tendencies are 
reduced. This results in advantages such as higher ma- 


chining precision, higher process safety, long tool service 
life, and higher cutting output etc. 
[0009] As a result of the separate guide systems, it is advanta- 
geously possible to provide guide path covers that prevent 
reliably the penetration of cuttings but still have a simple 
configuration. The wear of guide path strippers is greatly 
reduced and the guide paths themselves are no longer 
exposed to the cuttings that strike at high velocity. In this 
way, the reliability and thus the machine availability is in- 
creased. Moreover, temperature constancy is increased 
because the cuttings can no longer heat the guide paths. 
In the case of mass production, it is therefore possible to 
provide a high machining reliability. Because of the guide 
path covers, it is now also possible to use roller bearing 
supported guide systems. In comparison to slide bearings, 
roller bearings are sensitive with regard to penetration of 
particles such as cuttings; however, they have several ad- 
vantages. They can be simply and quickly mounted, have 
a reduced slide resistance, and enable high quick traverse 
speeds while causing minimal heating. In comparison to a 
sliding guide action, no stick-slip effect occurs. The pre- 
cision is very high because of the pretension of the bear- 
ing. Moreover, as a result of the arrangement of the 


milling unit on a separate guide system, the accessibility 
of the working space of the machine is significantly im- 
proved. 

Brief Description of Drawings 

[0010] pig. 1 is a perspective illustration, in a view from the top 
at a slant downwardly, of the machine tool of the present 
invention for workpiece milling with an internal cutter. 

[001 1] pig. 2 is a view in the direction of arrow II of Fig. 1. 

[0012] Fig. 3 shows the machine tool according to the invention 

in a front view. 
Detailed Description 

[0013] The machine tool with internal cutter for milling work- 
pieces comprises a machine frame 2 that is provided with 
an inclined contact side 1 (Fig. 2). On the machine frame 
2, two compound slides 3, 3' are movably supported. They 
are positioned opposite one another at a spacing at the 
same level. The two compound slides 3, 3' each support a 
slide part in the form of a milling unit 5, 5'. In the area 
adjacent to the compound slides 3, 3', two headstocks 6, 
6' are provided on the machine frame 2 for clamping the 
workpiece 7 to be machined. Also provided is a steady 
rest 40 that is located in the area between the headstocks 


6, 6' and supports, as is known in the art, the workpiece 7 
during machining. The machine frame 2 is of an inclined 
bed configuration and can be made of steel, can be cast, 
or made as a concrete structure. On the inclined side 1, a 
guide system 10 is provided in the upper area that can be 
a sliding guide but is preferably configured as a roller 
bearing guide. The guide system 10 has two parallel ex- 
tending guide rails 11, 12 that are fastened on the in- 
clined side 1 and on which guide shoes 13-16, 13'-16' 
are supported. The guide shoes are fastened on the com- 
pound slides 3, 3' that are movably supported by means 
of the guide shoes on the two guide rails 11, 12. Each of 
the compound slides 3, 3' is supported with guide shoes 
14, 16; 13, 15; 14', 16'; 13', 15' on the guide rails 11, 12, 
respectively, wherein two of the guide shoes are posi- 
tioned at a spacing sequentially behind one another along 
the rail. In this way, the compound slides 3, 3' are sup- 
ported reliably on the guide rails 11, 12. The guide shoes 
13-16, 13'-16' are configured as is known in the art. 
[0014] The compound slides 3, 3' support the milling units 5, 5' 
that are movably supported on the compound slides 3, 3' 
in a direction transverse to the travel direction of the 
compound slides 3, 3'. The compound slides 3, 3' are 


separately movable in the W direction and the Z direction 
along the guide rails 11, 12. Since the two compound 
slides 3, 3' are provided on the underside with four guide 
shoes 13-16, 13'-16\ respectively, that are spaced apart 
in the moving direction W or Z and also transversely 
thereto at a great spacing relative to one another, a guide 
base is provided that is very bending-resistant and tor- 
sion-proof. In this way, the conditions for precise ma- 
chining of the workpieces 7 are created. For increasing 
the stiffness, additional guide shoes can be provided on 
the underside of the compound slides 3, 3'. For example, 
each compound slide 3, 3' can have six guide shoes. 

[0015] For driving the compound slides 3, 3' in the directions W 
and Z, the drives 18, 18' are provided that are located on 
the end faces 2a, 2b of the machine frame 2 that are fac- 
ing away from one another. The drives 18, 18' have drive 
motors 19, 19'. The force transmission is realized, as is 
known in the art, by ball screws (not illustrated). 

[0016] The drives for moving the compound slides 3, 3' in the W 
and Z directions can also be realized by linear motors. 

[0017] The compound slides 3, 3' are provided at their facing 

sides with a transverse guide system 30, 30', respectively, 
with which the milling units 5, 5 1 are arranged to be mov- 


able transversely to the directions W and Z on the com- 
pound slides 3, 3'. The transverse guide systems 30, 30' 
each have two parallel extending guide rails 31, 32; 31', 
32' that are positioned at a spacing to one another atop 
one another and extend at a slant in accordance with the 
inclined support side 1 of the machine frame 2 (Fig. 2). On 
the guide rails 31, 32; 31', 32', the milling units 5, 5' are 
mounted with two guide shoes 33, 34; 33', 34', respec- 
tively. As illustrated in Fig. 2, the guide shoes correlated 
with each guide rail 31, 32; 31', 32', respectively, are po- 
sitioned at a spacing from one another. 
[0018] For driving the milling units 5, 5', the drives 35, 35' with 
drive motors 36, 36' are provided. The drives 35, 35' with 
the drive motors 36, 36' are provided on the side of the 
compound slides 3, 3' (Figs. 1 and 3) facing away from the 
headstocks 6, 6'. The drive connection to the milling units 
5, 5' is realized, as is known in the art, by ball screws (not 
illustrated). As an alternative, advancing drives with linear 
motors can also be used. In comparison to drives with ball 
screw, such linear drives have higher dynamics and are 
wear-free. The higher dynamics enable in particular fast 
in-process dimensional corrections where dimensional 
deviations that are measured during machining of the 


workpiece 7 effect corrective movements on the advanc- 
ing axes X or U or C. The milling units 5, 5' can be moved 
by means of the drives 35, 35' along the guide rails 31, 
32; 31', 32' in the U direction and the X direction (Fig. 1), 
respectively. 

[0019] on the ends of the milling units 5, 5' facing the head- 
stocks 6, 6', the internal cutter milling tools 4, 4' are posi- 
tioned. They are driven in rotation in a conventional way 
by externally mounted motors and gears. Instead of such 
a drive, it is also possible to provide a direct drive for the 
tools 4, 4' for example, a quill motor or a torque motor. 
Such a drive requires only minimal mounting space be- 
cause the external motor and the gearbox required for 
conventional drives are obsolete. The direct drives have 
moreover higher dynamics so that the high-dynamics vi- 
bration excitation during cutting of the workpiece 7 can 
be controlled directly at the force introducing location. By 
measuring the provided motor output, the wear state of 
the cutting edges of the tools 4, 4' can be determined 
with great precision. In contrast to conventional drives, 
the motor current measurements are therefore not falsi- 
fied by the power loss of a gearbox. By measuring the 
cutting output by means of the motor current, an adapta- 


tion of the advancing speed and/or of the cutting speed in 
the sense of in adaptive control is possible so that cutting 
is carried out always under optimal cutting conditions. In 
particular, the cutting speed can be very quickly changed 
by means of the direct drive as a result of the minimal 
mass moment of inertia during machining. For example, a 
doubling of the cutting speed within 0.5 seconds is possi- 
ble. Running of the milling tools 4, 4' exhibits very little 
vibrations as a result of the absence of a gearbox in the 
case of direct drives so that a high surface quality is ob- 
tained and the service life of the tool can be improved. 
The milling tools 4, 4' are driven in rotation. 

[0020] Because of the high stiffness of the compound slides 3, 3', 
as well as of the milling units 5, 5', it is possible to em- 
ploy gang cutters. With these tools, several bearing loca- 
tions of crankshafts or camshafts or cams of camshafts 
are simultaneously machined with one milling unit. 

[0021] The guide system 10 for the compound slides 3, 3' is lo- 
cated within the upper area of the inclined side 1 of the 
machine frame 2. In the lower area of the inclined side 1 
of the machine frame 2 an additional guide system 20 is 
provided that has two parallel extending guide rails 21, 
22 that are parallel to the guide rails 11, 12 of the guide 


system 10. In contrast to the guide system 10 whose 
guide rails 11, 12 extend across the entire length of the 
machine frame 2, the guide rails 21, 22 of the guide sys- 
tem 20 extend only across a portion of the length of the 
machine frame 2. Accordingly, in the illustrated embodi- 
ment only the headstock 6 is movable along the guide 
system 20 in the direction of the Z4 axis. The opposed 
headstock 6' is in this case arranged stationarily on the 
machine frame 2. Accordingly, this headstock 6' cannot be 
moved in the direction of the axis Zl. It is, of course, pos- 
sible to configure only the headstock 6' to be movable and 
to fasten the headstock 6 on the machine frame 2. In this 
case, the guide system 20 is provided in the area of the 
headstock 6'. 

[0022] Also, it is possible to provide the guide system 20 across 
the entire length of the machine frame 2. In this case, 
both headstocks 6, 6' can be adjusted in the direction of 
the axis Zl or Z4 on the machine frame 2. 

[0023] | n the illustrated embodiment where only the headstock 6 
is movable, four guide shoes 23 to 26 are attached on the 
underside of the headstock 6; by means of the guide 
shoes the headstock 6 is mounted on the guide rails 21, 
22. The headstock 6 is supported with two guide shoes 


23, 25; 24, 26 on each guide rail 21, 22, respectively, 
wherein the guide shoes are positioned at a spacing rela- 
tive to one another along the guide rail. The drive of the 
headstock 6 in the direction Z4 is realized by a ball screw 
(not illustrated) or by means of a hydraulic drive. The 
headstock 6 can be configured such that it is entrained by 
the steady rest 40. The steady rest 40 is supported on the 
two guide rails 21, 22 by means of a guide shoe 27, 28, 
respectively. The drive of the steady rest 40 in this case is 
also realized advantageously by means of the ball screws 
(not illustrated). When the headstock 6 is designed to be 
entrained by the steady rest 40, the headstock 6 is pro- 
vided with clamping shoes that, upon reaching a nominal 
position, provide a safe locking function on the guide rails 
21, 22 by a clamping action even during machining of the 
workpiece 7. 

[0024] The task of the steady rest 40 is to secure the workpiece 
axis during machining in its nominal position. By process- 
ing forces and/or release of internal stress, a displace- 
ment of the workpiece axis would result if no steady rest 
were used. Two situations of use can be differentiated: 

[0025] -steady rests that support the workpiece on already ma- 
chined surfaces do not require compensation elements; 


[0026] -steady rests that support the workpiece on a rough con- 
tour require compensation elements, i.e., the support ele- 
ments are arranged to be movable such that they can 
compensate irregular workpiece contours. 

[° 027 ] Since the four guide shoes 23, 26 on the underside of the 
headstock 6 are positioned at a great spacing relative to 
one another in the movement direction (axis Z4) and 
transversely thereto, the headstock 6 has a stable guide 
base with a high bending and torsional stiffness. In this 
way, an optimal precision machining of the workpiece 7 is 
possible. 

[0028] The two headstocks 6, 6' are provided at their facing sides 
with a chuck 9, 9 1 , respectively, with which the workpiece 
7 is clamped during machining. The chucks 9, 9' are ro- 
tatable and form the numerically controlled axis C. 

[0029] The workpiece 7, for example, a crankshaft or a camshaft, 
is securely clamped at both ends in the chucks 9, 9'. Ma- 
chining of the circular-cylindrical bearing locations of the 
workpiece 7 by means of the internal cutters 4, 4' is real- 
ized by axis interpolation of the linear axes X or U (Fig. 1) 
with the axis C. 

[0030] since the compound slides 3, 3' are guided on separate 
guide paths, the projection of the headstocks 6, 6' can be 


maintained at a minimum. In this way, the headstocks 6, 
6' are provided with a high stiffness. 
[0031] The steady rest 40 is advantageously used when the 

workpiece to be machined is long and thus instable. The 
steady rest 40 can be moved along the guide system 20 
by means of its two guide shoes 27, 28 by a ball screw 
(not illustrated) into the required position. For increasing 
the stiffness of the steady rest 40, additional guide shoes 
can be used. For example, the steady rest 40 can be sup- 
ported, for example, by three or four guide shoes on the 
guide rails 21, 22. For particularly long or instable work- 
pieces 7, additional steady rests can be provided. They 
can be configured identically to the steady rest 40. Be- 
cause of the sufficient space that is available between the 
compound slides 3, 3', it is also possible to use workpiece 
rests that are fixedly connected to the compound slides 3, 
3'. 

[0032] | t j S particularly advantageous when the guide systems 10, 
30 are in the form of a roller bearing guide and the guide 
system 20 is a sliding guide. As a result of the minimum 
movement frequency of the headstock 6, 6' and of the 
steady rest 40, even when using sliding guides only mini- 
mal friction heat will result. Of course, all combinations of 


roller bearing guides or slide bearing guides can be used 
as guide systems 10, 20, 30. In the case of sliding guides, 
especially the material pairs steel/cast iron, steel/plastic 
material or cast iron/plastic material are suitable in order 
to obtain high precision, a long service life, and minimal 
stick-slip effects. These guide systems are based on the 
hydrodynamic principle. A further advantageous configu- 
ration of a sliding bearing is a hydrostatic bearing. Partic- 
ularly advantageous in this connection is the minimal fric- 
tion as well as the absence of the stick-slip effect. 
[0033] For protecting the guide systems 10, 20, 30 against pene- 
tration of cuttings and cooling lubricants, guide path cov- 
ers 50, 52, 52', 54, 54' are provided. Since between the 
component assemblies mounted on the guide systems 10, 
20, 30 there is sufficient space available, the covers can 
be advantageously configured as telescoping covers. Be- 
cause of the presence of the covers 50, 52, 52', 54, 54', it 
is possible to provide energy conduits for the components 
in a simple way between the guide rails 11, 12; 21, 22 and 
underneath the covers. In this way, the steady rest 40 can 
be supplied with electricity, hydraulic fluid, pneumatic 
fluid and the like without introducing hollow spaces into 
the machine frame 2. The cross-section of the machine 


frame 2 must not be weakened; this is advantageous with 
regard to the stiffness of the entire machine tool. Installa- 
tion of the energy conduit is moreover possible in a very 
simple way. 

[0034] | n t he machine tool according to the illustrated embodi- 
ment, the machine frame 2 has an inclined bed configura- 
tion. Of course, the machine frame can also have any 
other suitable configuration. For example, the contact side 
1 can be arranged horizontally. 

[0035] while specific embodiments of the invention have been 
shown and described in detail to illustrate the inventive 
principles, it will be understood that the invention may be 
embodied otherwise without departing from such princi- 
ples. 


